During the first few days of primary culture, smooth muscle cells from the aortic media of adult rats modulate from a quiescent, contractile state to a secretory active and proliferative state, synthetic phenotype. This phenotypic modulation seems to be a prerequisite for smooth muscle cell proliferation both in vitro, in atherogenesis and during the development of neointimal hyperplasia after reconstructive vascular surgery. Because the extracellular matrix influence cellular function in many different experimental situations, we have explored the ability of matrix molecules to modulate the phenotypic properties of cultured rat arterial smooth muscle cells in order to evaluate if changes in the pericellular matrix may take part in the control of smooth muscle phenotype and proliferation in vascular disease.
Below, a summary of recent results from our research is presented.
For further reading, a review by Thyberg et al. (1) is recommended.
Taken together, these results show that extracellular matrix components, by receptormediated mechanisms, are capable of inducing changes in smooth muscle cell structure, expression and organization of contractile proteins, and function. This indicates a close relationship between integrin-mediated cell-matrix interactions, cytoskeletal organization and the control of smooth muscle cell phenotype which may be important during smooth muscle cell migration and proliferation in atherogenesis.
Structure and function of arterial smooth muscle cells in atherogenesis
In the adult organism, the arterial media is composed of highly differentiated smooth muscle cells (SMCs) arranged in concentric layers. The individual cells are encircled by an incomplete basement membrane composed of type IV collagen, laminin, entactin, and heparan-sulfate proteoglycans.
Most likely, this extracellular matrix regu- prerequisite for the ability of the cells to respond to growth factor stimulation (Fig. 2) . Since we experienced that this process took place equally well in the absence of serum mitogens, we assumed that other serum components might influence the phenotypic state of cultured SMCs. By investigating different serum fractions, we found that addition of plasma fibronectin (pFN) to serum-free medium efficiently promoted the phenotypic modulation during the first days of primary culture. This plasma-and extracellular matrix protein was even more potent when prepared as a substrate on the bottom of the petri dish. If seeded in medium F-12/0.1% BSA on a substrate of pFN, freshly isolated rat SMCs rapidly attach and spread out with an plating efficiency of 60-80%.
After 2-4 days of culture, most cells have lost their contractile appearance as evaluated by the electron microscopy.
The cytoplasm have a low volume fraction of myofilaments and there is a large endoplasmic reticulum and Golgi complex ( Fig. 3a ; Hedin and Thyberg (2)). Functionally, there is an activation of RNA-and protein synthesis, and the cells start to secret extracellular matrix components.
However, the cells remain quiescent and DNA-synthesis and cell proliferation will not start until exogenous mitogen is added to the culture medium. (Hedin and Thyberg (2), Hedin et al. (3)).
Because FN is a constituent of the extracellular matrix we investigated the effects of other matrix components on the modulation process. Vitronectin (VN) was able to promote the phenotypic modulation of cultured SMCs in a similar manner as FN but at a slower rate (unpublished observation).
On the other hand, the basement membrane proteins type IV collagen and laminin, closely asociated with SMCs in the normal vascular media, was shown to have strikingly different effects on the phenotypic properties of SMCs. On these substrates, Fig. 6 ; Bottger et al. (7)). Fig. 6 . SDS-polyacrylamide gel electrophoresis of proteins isolated from surface labeled SMCs, subjected to affinity chromatography on WGA-Sepharose followed by chromatography on a column of the cell-binding domain of FN linked to Sepharose.
Proteins were eluted with RGD-peptide (lane 1), followed by elution with EDTA (lane 2), and urea (lane 3) . Note the presence of non-RGD dependent material left on the column after RGD-elution (lane 2). Biol, 108 : 2529 Biol, 108 : -2543 Biol, 108 : , 1989 
